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Abstract: This account of the riverine ichthyofaunas of the islands of Buton and Kabaena, off
south-eastern mainland Sulawesi, represents the first detailed quantitative checklist
and ecological study of the riverine fish faunas in the biological hotspot of Wallacea.
The results are based on analysing samples collected by electrofishing at a wide range
of sites in July to September of 2001 and 2002. While the fauna was diverse, with the
2179 fish caught comprising 64 species and representing as many as 43 genera and
22 families, the catches were dominated by the Gobiidae (26 species and 25% by
numbers), Eleotridae (7 species and 27% by numbers), Zenarchopteridae (3 species
and 22% by numbers) and Anguillidae (2 species and 12% by numbers). The most
abundant species were the eleotrids Eleotris aff. fusca-melanosoma and Ophieleotris
aff. aporos, the anguillid Anguilla celebesensis, the zenarchopterids Nomorhamphus
sp. and Nomorhamphus ebrardtii, and the gobiids Sicyopterus sp. and Glossogobius
aff. celebius-kokius. The introduced catfish Clarias batrachus was moderately
abundant at a few sites. Cluster analysis, allied with the SIMPROF routine, identified
seven discrete groups, which represented samples from sites entirely or predominantly
on either Buton (five clusters) or Kabaena (two clusters). Species composition was
related to geographical location, distance from river mouth, % contribution of sand and
silt, altitude and water temperature. The samples from the two islands contained only
one species definitively endemic to Sulawesi, i.e. Nomorhamphus ebrardtii, and
another presumably so, i.e. Nomorhamphus sp., contrasting starkly with the 57 fish
species that are endemic to Sulawesi and most notably its large central and deep lake
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systems on the mainland. This accounts for the ichthyofaunas of these two islands, as
well as those of rivers in northern mainland Sulawesi and Flores, being more similar to
each other than to those of the central mainland lake systems. This implies that the
major adaptive radiation of freshwater fishes in Sulawesi occurred in those lacustrine
environments rather than in rivers.
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ABSTRACT 23 
This account of the riverine ichthyofaunas of the islands of Buton and Kabaena, off south-24 
eastern mainland Sulawesi, represents the first detailed quantitative checklist and ecological 25 
study of the riverine fish faunas in the biological hotspot of Wallacea. The results are based 26 
on analysing samples collected by electrofishing at a wide range of sites in July to September 27 
of 2001 and 2002. While the fauna was diverse, with the 2179 fish caught comprising 64 28 
species and representing as many as 43 genera and 22 families, the catches were dominated 29 
by the Gobiidae (26 species and 25% by numbers), Eleotridae (7 species and 27% by 30 
numbers), Zenarchopteridae (3 species and 22% by numbers) and Anguillidae (2 species and 31 
12% by numbers). The most abundant species were the eleotrids Eleotris aff. fusca-32 
melanosoma and Ophieleotris aff. aporos, the anguillid Anguilla celebesensis, the 33 
zenarchopterids Nomorhamphus sp. and Nomorhamphus ebrardtii, and the gobiids 34 
Sicyopterus sp. and Glossogobius aff. celebius-kokius. The introduced catfish Clarias 35 
batrachus was moderately abundant at a few sites. Cluster analysis, allied with the SIMPROF 36 
routine, identified seven discrete groups, which represented samples from sites entirely or 37 
predominantly on either Buton (five clusters) or Kabaena (two clusters). Species composition 38 
was related to geographical location, distance from river mouth, % contribution of sand and 39 
silt, altitude and water temperature. The samples from the two islands contained only one 40 
species definitively endemic to Sulawesi, i.e. Nomorhamphus ebrardtii, and another 41 
presumably so, i.e. Nomorhamphus sp., contrasting starkly with the 57 fish species that are 42 
endemic to Sulawesi and most notably its large central and deep lake systems on the 43 
mainland. This accounts for the ichthyofaunas of these two islands, as well as those of rivers 44 
in northern mainland Sulawesi and Flores, being more similar to each other than to those of 45 
the central mainland lake systems. This implies that the major adaptive radiation of 46 
freshwater fishes in Sulawesi occurred in those lacustrine environments rather than in rivers. 47 
 48 
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INTRODUCTION 52 
Wallacea, which comprises a group of islands between Asia and Australasia, is one of 53 
25 biodiversity hotspots identified by Myers et al. (2000) on the basis that it contained very 54 
high concentrations of endemic species and was undergoing exceptional loss of habitat. The 55 
western and eastern boundaries of Wallacea are essentially defined by Wallace’s line and 56 
Lydekker’s line, respectively (Michaux, 2010; Fig. 1a). The islands of Wallacea, among 57 
which mainland Sulawesi is the largest, thus lie between the land masses on the Sunda Shelf, 58 
comprising the Malay Peninsula, Sumatra, Borneo and Java to the west, and those of the 59 
Sahul Shelf, including Australia and New Guinea, to the south and east (Fig. 1). 60 
The ‘barrier’ produced by the deep ocean trenches that separate Wallacea from the 61 
land masses on the Sunda and Sahul continental shelves help account for the high level of 62 
endemism in the fauna of Wallacea (Wallace, 1863; Myers et al., 2000). A collation of the 63 
species recorded in Wallacea emphasises the extent of this remarkable endemicity, with 64 
nearly 70% of its amphibians, nearly 60% of its mammals and over 40% of its reptiles and 65 
birds endemic to this region (Conservation International, 2012). Although the level of 66 
endemicity among freshwater fishes (20-25%) is not as great, it still represents a substantial 67 
number of species. Furthermore, the endemicity of freshwater fishes has been known, for 68 
some time, to be particularly high on mainland Sulawesi (Kottelat et al., 1993). Indeed, 69 
Parenti (2011) has recently estimated that the freshwater ichthyofauna of Sulawesi contains 70 
as many as 56 endemic species, to which a recently-described species is now added 71 
(Huylebrouck et al., 2012). Among these 57 species, 45 are atherinomorphs (represented by 72 
the orders Atheriniformes and Belonifomes), with the remainder comprising perciforms, 73 
i.e. gobioids and a single terapontid species. Most of these species were described, however, 74 
from the large central tectonic lake systems (Kottelat, 1990a,b,c, 1991; Herder et al., 2006b).  75 
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Several authors have emphasised that the endemic fish species, of particularly the 76 
above lake systems of Sulawesi, are becoming increasingly threatened from a range of 77 
anthropogenic effects, especially those brought about by the destruction or alteration of 78 
habitats, the introduction of exotic species, the collection of fish for the aquarium trade, 79 
overfishing and pollution, and that these effects have undoubtedly led to the extinction of 80 
certain species (Whitten et al., 1987; Kottelat et al., 1993; Parenti, 2011; Herder et al., 2012). 81 
The need to conserve the remarkable freshwater ichthyofaunas of Sulawesi requires a 82 
thorough understanding of the compositions of these fish communities and the factors that 83 
influence their structure. Remarkably, however, there have been no detailed quantitative 84 
ecological studies of the fish communities of either the rivers or lakes of Sulawesi. 85 
The islands of Buton and Kabaena, which occupy 4,640 and 873 km2, respectively, 86 
are located off the south-eastern coast of mainland Sulawesi (Fig. 1b). The mountainous 87 
regions of both islands contain areas of relatively undisturbed forest, within which the river 88 
sources are located. The composition of the substrata of the rivers of these two islands ranges 89 
from mainly large boulders and pebbles in faster-flowing regions to fine sands and silts where 90 
the current is slowest. Michaux (2010) has stated that the satellite islands of Sulawesi, such as 91 
Buton, share many endemic species with its mainland, or have their own subspecies of 92 
Sulawesian endemics, and that these islands and the mainland thus constitute a common area 93 
of endemism. It should be recognised, however, that it is not clear whether this generalisation 94 
applies to the fishes in the fresh waters of Buton and Kabaena as these ichthyofaunas have 95 
not been sampled intensively and these islands differ from mainland Sulawesi in not 96 
possessing the large tectonic lake systems that contain most of the endemic freshwater fish 97 
species of Sulawesi (Parenti, 2011). 98 
The aims of this study were as follows. 1) Compile the first quantitative checklist of 99 
the fish species of the rivers on Buton and Kabaena and thus ascertain which are the most 100 
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abundant species, genera and families and whether any of the species are endemic to one or 101 
both of these satellite islands of Sulawesi or to Sulawesi in general. 2) Determine the 102 
structure of the ichthyofaunal communities of those two islands by identifying statistically the 103 
groups of sites at which the ichthyofaunal compositions were similar and which differed from 104 
those of all other such groups. 3) Determine the extent of the relationships between the 105 
ichthyofaunal compositions of the different groups identified above and a suite of 106 
environmental variables and thus identify the characteristics of the typical habitats of the 107 
main species and particularly of those that are endemic to Sulawesi. 4) Compare the species 108 
compositions of the riverine ichthyofaunas of Buton and Kabaena with those recorded 109 
elsewhere in Wallacea, placing particular emphasis on exploring the extent to which any 110 
differences among locations are related to whether the faunas are in rivers or lake systems. To 111 
achieve the above aims, fishes were sampled at sites chosen to encompass a wide range of the 112 
environmental characteristics found in the rivers of Buton and Kabaena and the resultant 113 
ichthyofaunal data are compared with those previously published for the fish faunas of the 114 
freshwaters of Wallacea as a whole.  115 
 116 
MATERIALS AND METHODS 117 
SAMPLING AND ENVIRONMENTAL MEASUREMENTS 118 
The fishes in rivers on the islands of Buton and Kabaena, off the south-eastern corner 119 
of mainland Sulawesi (Fig. 1c,d), were sampled by electrofishing (Electrocatch International, 120 
Model WFC911-96) between mid-July and mid-September in both 2001 and 2002. Thirty 121 
seven sites were sampled in 2001 (27 on Buton and 10 on Kabaena) and 26 in 2002 (18 on 122 
Buton and 8 on Kabaena), with the sites being chosen so that they encompassed a range of 123 
the environmental characteristics found within the rivers of the two islands. Sampling was 124 
6 
confined to the freshwater reaches of the rivers, as defined by an upper limit in conductivity 125 
of 600 µS. 126 
The latitude, longitude and altitude of each site were recorded from a Global 127 
Positioning System (GPS; Garmin 12X model). The first two variables were then employed 128 
to map the location of each site in a Geographical Information System (GIS) using ArcGIS 129 
10 software (ESRI, California, USA), thereby enabling the distance from each site to the 130 
coast in a straight line to be measured. A straight line measure, rather than the course of the 131 
river, was used because the precise paths of some of the rivers sampled were not available in 132 
a GIS format. 133 
The following environmental variables were measured at each site on each sampling 134 
occasion. 1) Minimum and maximum widths and depths of the stream or river, 2) water 135 
temperature and pH (Hanna Instruments Ltd.; HI-9023C portable waterproof temperature and 136 
pH meter), 3) flow rate in the water column at a point c.60% of the distance from the 137 
substrate to the water surface (MJP Geopacks Flow Meter) and 4) conductivity (Hanna 138 
Instruments Ltd.; HI-9033 multi range waterproof conductivity meter). Although problems 139 
were frequently encountered with the oxygen meter (Hanna Instruments Ltd.; HI-9142), 140 
which could not readily be rectified due to the isolation of the sampling sites, the reliable 141 
measurements recorded at c. two thirds of the sites sampled in 2002 typically corresponded to 142 
percentage saturation values in excess of 80%. 143 
The diameters of sub-samples of the larger components of the substratum and of 144 
particles of varying coarseness >2 mm in diameter were measured at each site on each 145 
sampling occasion. Following the Wentworth Classification scale (Wentworth, 1922), 146 
components with diameters >256 mm comprised boulders, whereas those with diameters of 147 
65-256, 17-64 and 3-16 mm represented cobbles, pebbles and gravel, respectively. The 148 
smallest particles in the sediment were broadly separated visually into sand and silt according 149 
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to whether they were light in colour and dropped out of suspension rapidly or darker in colour 150 
and settled more slowly after disturbance. The approximate percentage contributions of the 151 
different components of the substrate at each site were then calculated. 152 
From the above, it follows that values were obtained for 18 variables for determining 153 
the types of environmental factor considered likely to influence the composition of the 154 
ichthyofaunas in the rivers of Buton and Kabaena. 155 
 156 
SAMPLING OF FISH FAUNAS 157 
The fish fauna at each site was sampled by moving the electrofisher slowly upstream 158 
for c.1h in a zigzag manner so that the full width of the river or stream came within the 159 
operational range of the electrodes. Two assistants used hand nets to catch the immobilised 160 
fish, which, as the water was always clear, could readily be detected, irrespective of their 161 
body size and position in the water column. Each fish was lightly anaesthetised in a weak 162 
solution of Benzocaine and, using Kottelat et al. (1993), identified to the lowest taxonomic 163 
level possible, which was usually species, except with many of the gobiids and eleotrids, 164 
i.e. gobioids. The standard lengths (SL) of the vast majority of the fish caught were measured 165 
to the nearest 1 mm. All of the fish identified to species were transferred to a large bucket 166 
containing fresh, well-aerated water and, when fully recovered, most were returned to the 167 
river or stream. A reference collection of all retained taxa was lodged with the Museum 168 
Zoologicum Bogoriense in Cibinong, Java. Those individuals that could not be identified to 169 
species were preserved in 70% ethanol and their taxonomic characteristics later examined in 170 
the laboratory. In the case of the Gobiidae and Eleotridae, representative samples were 171 
transported to Bristol University, where they were examined by one of us (P.J. Miller), who 172 
was able to identify each individual to species, or to its closest affinity or genus when the 173 
head papillae, a crucial diagnostic characteristic of that family, had become abraded. The 174 
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gobioid fish species were identified using Harry (1948), Koumans (1953), Akihito (1967), 175 
Miller (1973), Akihito and Meguro (1975a,b, 1976), Wongrat (1977), Sakai and Nakamura 176 
(1979), Murdy and Hoese (1985), Akihito et al. (1988), Miller (1989), Miller et al. (1989), 177 
Watson (1991, 1992), Kottelat et al. (1993), Watson and Kottelat (1994), Larson (2001), 178 
Larson and Murdy (2001), Allen et al. (2002), Keith et al. (2005), Larson (2009), Hoese and 179 
Allen (2011), Keith et al. (2011a,b) and Maeda et al. (2011). Representatives of these taxa 180 
are lodged with the Natural History Museum, London. P.J. Miller has also retained some 181 
individuals for his own ongoing studies of gobioid systematics. Fifty eight gobies from 182 
Kabaena were lost in transit and are subsequently designated as Gobiid spp. Eleven 183 
specimens of a Nomorhamphus species were also brought back and lodged with the National 184 
Museum of Natural History, Smithsonian Institution, Washington, but these were all females 185 
and thus lacked the anal fin crucial for identifying the species in this genus (B. Collette, pers. 186 
comm.). This species is thus subsequently referred to as Nomorhamphus sp. Note that a 187 
preliminary list of the freshwater fish species of Buton was published by Tjakrawidjaja 188 
(2006), but that this used data collected from only six of the sites sampled during the present 189 
study and prior to the identification of several of the goby species. 190 
 191 
STATISTICAL ANALYSES 192 
All statistical analyses of the fish community data were undertaken using the routines 193 
in PRIMER v6 (Clarke and Gorley, 2006) and employing the square root of the percentage 194 
contribution of each species in each sample to avoid any group being excessively dominant 195 
(Lek et al., 2011). As a one-way Analysis of Similarities (ANOSIM) test (Clarke, 1993), 196 
using a Bray-Curtis resemblance matrix derived from the percentage contributions of the 197 
various species in 2001 and 2002, demonstrated that the ichthyofaunal composition in those 198 
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two years were not significantly different (R = 0.012; P = 0.298), the data for the two years 199 
were combined for subsequent analyses. 200 
The Bray-Curtis resemblance matrix, derived from the above percentage contributions 201 
of the various species at the different sites, was subjected to hierarchical agglomerative 202 
clustering using group-average linkage (CLUSTER), in combination with the Similarity 203 
Profiles (SIMPROF) routine (Clarke et al., 2008). The latter test enabled the groups of 204 
samples in which the species compositions of the fish faunas were not significantly different, 205 
but which were significantly different from other such groups, to be identified. The null 206 
hypothesis that the species compositions of the various samples were not significantly 207 
different was rejected if the significance level (P) associated with the test statistic (π) was 208 
< 0.05. The above Bray-Curtis resemblance matrix was also used to produce a non-metric 209 
Multi-Dimensional Scaling (nMDS) ordination plot. 210 
Similarity Percentages (SIMPER; Clarke, 1993) was employed to elucidate which 211 
species typified the assemblages at each of the groups of sites identified by SIMPROF as 212 
discrete and which species contributed most to differences between the compositions of each 213 
pair of such groups. Focus was placed on those typifying and distinguishing species with the 214 
highest similarity/standard deviation ratio and dissimilarity/standard deviation ratio, 215 
respectively, and which were most abundant. 216 
The Biota and Environment matching routine (BIOENV; Clarke and Ainsworth, 217 
1993) was used to determine the combination of environmental variables that best explained 218 
the differences between the ichthyofaunal compositions of the clusters identified by 219 
SIMPROF. Prior to using this routine, Draftsman plots of the values recorded for each pair of 220 
the 18 environmental variables at each site were visually examined to assess whether the data 221 
for each variable were skewed and, if so, which type of transformation was required to 222 
ameliorate that effect, and also whether the data for any pair of variables were highly 223 
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correlated. These plots demonstrated that altitude, the minimum width of the river and the 224 
percentage contributions of boulders, cobbles, pebbles, gravel, sand and silt all required a 225 
square root transformation, while water temperature required a fourth root transformation and 226 
the remaining ten variables no transformation. Note that only the minimum width of the river 227 
was included as it was highly correlated with maximum river width. The environmental data 228 
were then normalised so that all variables were on a common scale. The null hypothesis for 229 
the BIOENV test, that the pattern of rank orders of similarity between the faunal resemblance 230 
matrix and environmental data was not related, was rejected if the significance level (P) was 231 
< 0.05. The value for the test statistic (ρ) reflects the strength of the correlation between the 232 
composition of the fauna and the environmental data, with ρ values ranging from c. 0 (little 233 
correlation) to c. 1 (near perfect correlation). 234 
Bubbles of varying size, representing the magnitude of each of the main 235 
environmental variables selected by BIOENV as related to ichthyofaunal composition, were 236 
superimposed separately on a nMDS ordination plot derived from a matrix constructed from 237 
the means of the percentage contributions of each species in each cluster. The means of the 238 
same ichthyofaunal data and the values for the corresponding six environmental variables 239 
selected by BIOENV (see above) were used to produce separate matrices that were then 240 
subjected to the RELATE procedure. The resultant ρ value complements that produced by 241 
BIOENV using data for individual samples, with the null hypothesis being the same as for the 242 
BIOENV procedure. 243 
The presence or absence of the native and endemic species collected from the rivers 244 
of Buton and Kabaena were collated with comparable data recorded previously for freshwater 245 
locations elsewhere in Wallacea, i.e. the Malili Lakes system and Lake Poso in central 246 
mainland Sulawesi, and four lakes in northern Sulawesi and in rivers in northern Sulawesi, 247 
Flores and Timor (see Appendix I for the full list of references). The resultant composite data 248 
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were used to produce a Bray-Curtis resemblance matrix for constructing a dendrogram and, 249 
employing hierarchical agglomerative clustering using group-average linkage, to elucidate 250 
the relationships between the fish faunas in the different regions and between rivers and 251 
lakes. 252 
Note that care has been taken to distinguish between native and endemic species in 253 
the comparisons between the ichthyofaunas in the various rivers and lakes because this 254 
distinction is crucial when discussing the adaptive radiation of fishes in the fresh waters of 255 
Wallacea. In this study of the fish faunas of Sulawesi and Wallacea, Parenti (2011) is 256 
followed in using the term native for a species in an area when its natural distribution 257 
includes, but is not restricted to that area, whereas a species is considered endemic to an area 258 
when it is restricted to that area, e.g. a particular lake system, Sulawesi or Wallacea, with the 259 
identify of the area in question being precisely designated in the text. When referring to 260 
native and endemic species collectively, the term ‘non-introduced’ is employed for clarity. 261 
 262 
RESULTS 263 
QUANTITATIVE CHECKLIST OF SPECIES AND FAMILIES 264 
A total of 2179 fish was caught between mid-July and mid-September of 2001 and 265 
2002 by electrofishing at numerous sites in the rivers of the islands of Buton and Kabaena 266 
(Table I; Fig. 1c,d), on which the environmental characteristics of the sites ranged widely 267 
(Fig. 2). The total catch contained 51 taxa that could be allocated either to a given species 268 
(noting that, in five of those cases, this referred to those species with which it has the greatest 269 
affinity, e.g. Eleotris aff. fusca-melanosoma), and 13 species that were clearly discrete and 270 
could be assigned to a particular genus (Table I). There was a small number of unidentified 271 
gobies, designated as gobiid spp., whose genus could not be identified (see Materials and 272 
Methods). The number of definitive genera and families were 43 and 22, respectively (Tables 273 
12 
I, II). The vast majority of the individuals belonged either to identifiable species (75%) or to 274 
discrete species whose genus was readily identifiable (22%). Examples of the range of body 275 
form, coloration and adaptations exhibited by the fishes of Buton and Kabaena are illustrated 276 
in Fig. 3. 277 
Eleotris aff. fusca-melanosoma was the most abundant species overall, contributing 278 
c. 18% numerically to the total catch from both islands, followed by Anguilla celebesensis 279 
with c. 12% (Table I). Nomorhamphus sp., Nomorhamphus ebrardtii, Sicyopterus sp., 280 
Glossogobius aff. celebius-kokius and Ophieleotris aff. aporos were also relatively abundant, 281 
with each being represented by more than 100 individuals and thereby comprising >5% of the 282 
total catch. The above seven species contained two species of each of the Eleotridae, 283 
Zenarchopteridae (formerly part of the Hemiramphidae, see Lovejoy et al., 2004) and 284 
Gobiidae and a single species of the Anguillidae. 285 
The Gobiidae was the most diverse family, with 26 species from 12 genera, followed 286 
by the sister family Eleotridae, of which there were seven species that each belonged to a 287 
different genus (Table II). The numbers of the Gobiidae, Eleotridae and Zenarchopteridae 288 
each contributed between c. 22 and 27% to the total catch (Table II). The only other family to 289 
contribute more than 4% was the Anguillidae with just over 12%.  290 
The contributions made by some species to the catches on Buton and Kabaena 291 
differed markedly and particularly so with the two species of zenarchopterid caught during 292 
the study (Table I). Thus, Nomorhamphus sp. ranked second in abundance and contributed 293 
c.16% to the total catch from Buton, but was not recorded from Kabaena, whereas 294 
Nomorhamphus ebrardtii ranked first in abundance and contributed as much as 33.5% to the 295 
samples from Kabaena and was not found on Buton. The most abundant species on Buton, 296 
Eleotris aff. fusca-melanosoma, contributed c. 24% to the catches from that island but only 297 
c. 4% to those from Kabaena. In contrast, the eel Anguilla celebesensis ranked third in 298 
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abundance and made a similar contribution, i.e. 11-12%, on both islands (Table I). Among 299 
the other identified species, 45 were found only on Buton and five only on Kabaena, but none 300 
of these was abundant. Nomorhamphus ebrardtii was the only species definitively endemic to 301 
Sulawesi (Table I), recognising, however, that this is probably also true for the other 302 
Nomorhamphus species, which could not be assigned to a particular species (see Discussion). 303 
Forty six species were native to Sulawesi and seven were introduced (Table I). All but one of 304 
the introduced species were of commercial value and belonged to either the Clariidae, 305 
Channidae or Cichlidae. 306 
 307 
SITES WITH SIMILAR SPECIES COMPOSITIONS 308 
Cluster analysis, using the matrix constructed from the contributions of the different 309 
species to the catches obtained at each of the various sampling sites, allied with the use of the 310 
SIMPROF routine, identified seven clusters within which the compositions of the fish faunas 311 
were similar and significantly different (P <0.05) from those in all other clusters (Fig. 4). 312 
There were also two outliers, each from Buton and represented by a single species, one 313 
containing just the catfish Clarias teijsmanni and the other only the killifish Aplocheilus 314 
panchax. The data for these sites were not included in subsequent analyses. 315 
Five of the seven clusters contained samples obtained entirely from sites on either 316 
Buton, i.e. B1, B2, B4 and B5, or Kabaena, i.e. K2 (Fig. 4). One of the two remaining and 317 
largest clusters (B3) comprised 24 samples, of which 22 were from Buton, while the other 318 
(K1) contained 16 samples, of which 13 were from Kabaena.  319 
The main typifying species for the fish faunas comprising the Buton clusters B1 and 320 
B2 was Nomorhamphus sp., while Eleotris aff. fusca-melanosoma was an important typifying 321 
species for B3, B4 and B5 (Table III). The K2 cluster, which comprised samples solely from 322 
sites on Kabaena, was typified by another species of zenarchopterid, Nomorhamphus 323 
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ebrardtii, and the introduced catfish Clarias batrachus. The eel Anguilla celebesensis 324 
typified the catches, not only of clusters B1 and B3, but also of K1 and K2, whereas 325 
Sicyopterus sp. typified the samples in both the B1 and K1 clusters (Table III).  326 
Within the group of clusters designated B1 to B5, it was particularly evident that 327 
relatively greater and consistent contributions by Nomorhamphus sp. distinguished the 328 
samples from B1 from those from all others and also those of B2 from the samples in the B3, 329 
B4 and B5 clusters (Table III). In contrast, relatively greater and consistent contributions of 330 
Eleotris aff. fusca-melanosoma distinguished the samples in the B3 cluster from those in all 331 
other ‘Buton’ clusters and likewise Glossogobius aff. celebius-kokius distinguished the B5 332 
cluster from all other ‘Buton’ clusters. Larger contributions of Clarias batrachus were crucial 333 
for distinguishing the samples comprising K2 from those of K1, whereas the reverse was true 334 
for Sicyopterus sp. (Table III). Indeed, the latter goby species and three other congenerics 335 
were all found in samples yielding the K1 cluster but not in those of K2. The most striking of 336 
the features that distinguished the ‘Buton’ from ‘Kabaena’ clusters was the presence of 337 
substantial numbers of Nomorhamphus sp. in the samples from sites contributing to the B1 338 
and B2 clusters (with lesser numbers in B5) and the absence of this species in both of the 339 
Kabaena clusters, i.e. K1 and K2, whereas the other zenarchopterid, Nomorhamphus 340 
ebrardtii, was confined to the samples from K1 and K2 and was particularly abundant in 341 
those from the latter cluster for which it was a typifying species. 342 
 343 
RELATIONSHIPS BETWEEN SPECIES COMPOSITIONS AND ENVIRONMENTAL 344 
VARIABLES 345 
The points for the samples from the seven clusters on the ordination plot, derived 346 
from the percentage composition of each species in each sample and coded for the clusters 347 
selected by SIMPROF, group in a similar manner to that in the cluster analysis derived using 348 
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the same data (cf. Figs 4,5). Thus, the samples representing the main Buton cluster (B3) and 349 
Kabaena cluster (K1) formed separate groups in the middle part of the ordination plot, with 350 
those for the other Buton clusters (B1, B2, B4 and B5) lying outside those for B3 and those 351 
for K2 lying below those for K1 (Fig. 5).  352 
Longitude, distance from river mouth, the percentage contributions of both sand and 353 
silt to the substrate, altitude and water temperature were the combination of variables selected 354 
by BIOENV that best explain the differences among the compositions of the fish faunas of 355 
the samples comprising the seven clusters identified as distinct by SIMPROF (ρ = 0.44; P = 356 
0.01). When the percentage contribution of each species in each sample for each cluster and 357 
the values for each of the six environmental variables selected by BIOENV (see above) were 358 
averaged and used to produce separate matrices that were then subjected to the RELATE 359 
procedure, the ρ value increased to 0.69 (P = 0.02).  360 
When superimposed on the above ordination plot, the sizes of the bubbles 361 
representing longitudinal position were larger for the five clusters comprising samples that 362 
were obtained exclusively, or predominantly, from sites on Buton (B1-B5) than for those for 363 
the clusters comprising samples entirely or mainly from Kabaena, i.e. K1 and K2 (Fig. 6a). 364 
This emphasises that the compositions of the fish faunas from the two islands were related to 365 
a factor or factors associated with their geographical location. Variations in the magnitude of 366 
the bubbles in Fig. 6b demonstrate that the differences between the ichthyofaunal 367 
compositions of the B1 and B2 clusters and those of the B3, B4 and B5 clusters reflect the 368 
fact that the samples for the first two clusters come from sites located further from the river 369 
mouth. The bubble plots showed that the samples comprising the K1 and K2 clusters were 370 
obtained from sites whose distances from the river mouth were similar to each other and were 371 
far more similar to those yielding the B1 and B2 clusters than the B3-5 clusters.  372 
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While the mean percentage contributions of sand to the substrate from which the 373 
samples comprising the B3, B4 and B5 clusters were obtained were all moderate (5-9%), this 374 
variable ranged widely from as low as 2% at B1 to as high as 29% at B2. Although the 375 
percentage contribution of silt at the sites from which the samples contributing to B1 and B2 376 
followed the opposite trend to that of sand, there was a far greater variation in the amount of 377 
silt at sites yielding the B3 to B5 clusters than was the case with sand (c.f. Fig. 6c,d), with 378 
values ranging from as low as 5% for B3 and B5 to as high as 95% at B4. In the case of 379 
Kabaena, the substrate at the sites contributing the samples for the K2 cluster was 380 
characterised by a greater percentage of sand, and more particularly silt, than those 381 
contributing to the samples in the K1 cluster (Fig. 6c,d). 382 
The average altitude of the sites from which the samples for the B3, B4 and B5 383 
clusters were obtained ranged only from 32 to 51 m, and were thus greater than those which 384 
yielded the B1 cluster, i.e. 23 m, and far lower than that for the B2 cluster, i.e. 123 m 385 
(Fig. 6e). The average altitudes from which the samples comprising the K1 cluster, i.e. 106 386 
m, and K2 cluster, i.e., 118 m, were similar to those of the B2 cluster. The average 387 
temperatures at the sites from which the samples representing each cluster were obtained 388 
varied markedly, with, among the Buton clusters, the 31°C for B5 being greater than the 25-389 
27°C for the B2, B3 and B4 clusters and the 22°C for the B1 cluster (Fig. 6f). The average 390 
temperature at sites contributing samples to the K2 cluster (29°C) was greater than those for 391 
the K1 cluster (25°C). 392 
 393 
COMPARISONS OF FRESHWATER ICHTHYOFAUNAS WITHIN WALLACEA 394 
On the basis of cluster analysis, derived from the presence or absence of the various 395 
native or endemic fish species in the rivers and lakes of Sulawesi, Flores and Timor, the 396 
faunas in all of the rivers formed a broad cluster separate from those in all of the lakes 397 
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(Fig. 7). However, the extents of the similarity among the various riverine groups 398 
demonstrate that the faunas in the rivers did comprise essentially the three groups, 399 
i.e. 1) Buton and Kabaena, 2) northern Sulawesi and Flores, and 3) Timor, the last of which 400 
was the most distinct. The fish faunas of the two central lakes (Malili and Poso) and the 401 
northern lakes on mainland Sulawesi were joined at a very low level of similarity (Fig. 7). 402 
The eleven native species found in the rivers of both Buton and Kabaena contain six 403 
that have not been recorded in the other rivers of Wallacea (Table I, Appendix I). Eight native 404 
species were recorded in the rivers of both northern Sulawesi and Flores, among which the 405 
goby Sicyopterus longifilis was not found elsewhere. The list of 49 species for Timor 406 
contained only 17 that were found in the rivers of at least one of the other regions (Appendix 407 
I). The 32 species not recorded in the other regions included two or more species of the 408 
Anguillidae, Mugilidae, Atherinidae, Ambassidae and Terapontidae.  409 
The native or endemic fish species in the Malili Lakes system contained at least 17 410 
species of Melanotaenidae, represented entirely by members of the Telmatherininae (Celebes 411 
rainbowfishes), four species of the Adrianichthyidae comprising members of the Oryziinae 412 
(ricefishes), four species of Zenarchopteridae (halfbeaks), all belonging to the subfamily 413 
Zenarchopterinae, and ten species of Gobiidae (Appendix I). All but one of the above species 414 
are apparently endemic to the Malili Lakes system. The fish fauna of Lake Poso also 415 
contained species of the Adrianichthyidae (ricefishes), four of which belong to Adrianichthys 416 
and two to Oryzias (Appendix I), noting that, since the major recent revision of ricefishes and 417 
their relatives, those two genera are now no longer considered equivalent to the subfamilies 418 
Adrianachthyinae and Oryziinae (Parenti, 2008). The remaining species, comprising two 419 
gobiids and one zenarchopterid, are likewise endemic to Lake Poso (Appendix I). The only 420 
native fish species found in both of these two large central lake systems is the wide-ranging 421 
Aplocheilus panchax.  422 
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The native fish fauna of the lakes in northern Sulawesi was depauperate, comprising 423 
only five species, which probably reflected the detrimental impact of introduced species, of 424 
which as many as 12 have been recorded in these systems (Haryono, 2004). While gobiids 425 
and eleotrids collectively represented between 56 and 73% of all native and endemic species 426 
recorded in the rivers of Buton, Kabaena, northern Sulawesi and Flores, the gobys constituted 427 
only 20 to 28% of all such species in the Malili Lakes system and Lake Poso and eleotrids 428 
were not recorded in either of these water bodies (Appendix II). 429 
 430 
DISCUSSION 431 
MAIN OVERALL FINDINGS 432 
The quantitative checklist, developed for the fish species in the rivers of Buton and Kabaena 433 
following extensive sampling of a range of habitats in those islands, provides the first such 434 
comprehensive data for any area within the biogeographically important region of Wallacea. 435 
The results emphasize that, while the ichthyofaunas of the riverine environments in these 436 
nearby satellite islands off the mainland of Sulawesi house no primary native freshwater 437 
species, they are diverse, containing 64 species that were distributed among as many as 43 438 
genera and 22 families. The Gobiidae was shown to be by far the most speciose family and to 439 
contain many species that undergo an amphidromous migration and, in conjunction with the 440 
closely-related Eleotridae, to comprise more than half the total catch of fish. In terms of 441 
abundance, the remainder of the fauna was dominated by the Zenarchopteridae and 442 
Anguillidae.  443 
            Interpretation of the relevance of the data collected for the fish faunas of Buton and 444 
Kabaena benefited greatly from the results obtained by subjecting those data to a sequence of 445 
contemporary multivariate statistical analyses. The use of the recently-developed SIMPROF 446 
routine (Clarke and Gorley, 2006; Clarke et al., 2008) was particularly valuable as it 447 
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identified the sites that formed groups within which the species compositions were similar, 448 
but differed significantly from those in all other such groups. The use of this routine revealed 449 
that five of the seven clusters represented the compositions in samples that came from sites 450 
that were all on Buton, while one of the other clusters represented samples from sites located 451 
predominantly on Buton and the other from those situated predominantly on Kabaena. Thus, 452 
while the distinction between the compositions of the ichthyofaunas on the two islands was 453 
pronounced, it was not absolute. These results, in conjunction with analyses of environmental 454 
data using BIOENV, emphasized that the species at sites within each cluster are associated 455 
with a particular suite of environmental characteristics and the use of SIMPER identified the 456 
main species consistently found in each of those ‘habitat types’. Such data will be crucial for 457 
developing management plans for conserving the native fish fauna and, in particular, any 458 
species that are endemic to Sulawesi. The subjection to cluster analysis of the data for Buton 459 
and Kabaena and for fish communities in inland waters throughout other parts of Wallacea, 460 
as recorded in previous studies, revealed that, at a broad level, the faunas in the rivers were 461 
distinct from those in the lake systems, in which the vast majority of the endemic species in 462 
the region are located.  463 
The following sections of the discussion have focused on the main fish families on 464 
Buton and Kabaena and the features that have contributed to their success. The type(s) of 465 
environmental conditions in which their most abundant native species were consistently 466 
prevalent have been emphasised, noting that the particular suite of species that typify each 467 
‘habitat type’ are recorded in full in the results and Table III. Finally, the questions of 468 
introduced species and the implications of the differences between the compositions of the 469 
fish faunas of the river and lake systems within Wallacea are considered. 470 
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  471 
GOBIIDAE 472 
The success of the Gobiidae in the rivers on the islands of Buton and Kabaena is 473 
reflected in the following. 1) The members of this family contribute approximately half the 474 
number of native fish species in the rivers in each of these islands. 2) Their species 475 
contributed as much as approximately one fifth and one third of the individuals in the catches 476 
of ‘non-introduced’ fish species on Buton and Kabaena, respectively. 3) Gobies were widely 477 
distributed, being recorded in samples from sites represented within each of the seven main 478 
clusters identified by SIMPROF for Buton and Kabaena, and a goby species was a typifying 479 
species for the small suite of species that typified three of those main clusters (B1, B5 and K1 480 
in Table III). The very high prevalence of gobiids on Buton and Kabeana parallels the 481 
situation with the ichthyofaunas of the rivers of northern mainland Sulawesi and Flores 482 
(Haryono et al., 2002; Tjakrawidjaja, 2002; Haryono, 2004). 483 
The high diversity and large numbers of the Gobiidae in the riverine faunas of 484 
Wallacea is a characteristic of the fish faunas of high island streams of the tropical Indo-485 
Pacific in general (Ryan, 1991; Jenkins et al., 2010; McDowall, 2010; Thuesen et al., 2011). 486 
It is thus relevant that many goby species in this region exhibit amphidromy, i.e. they are 487 
swept out to sea as larvae but later return to rivers where they eventually become mature, and 488 
that such migrations are particularly prevalent among species living on small tropical and 489 
subtropical islands (Keith, 2003; McDowall, 2010; Keith and Lord, 2011). Furthermore, 490 
amphidromy is most common among the Sicydiinae (McDowall, 2010), whose species 491 
contributed c. 40% to the total number of goby species found on Buton and Kabaena, and is 492 
exhibited among the Glossogobius species by at least G. aff. celebius-kokius (Hoese and 493 
Allen, 2011; Keith and Lord, 2011), which is well represented on these islands. Such 494 
movements by these amphidromous gobiids into marine waters would have enabled these 495 
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species to be dispersed across the marine divide and into the rivers of recently-emerged high 496 
islands of the Indo-Pacific. They would have then been able to colonise the range of riverine 497 
habitats on islands such as Buton and Kabaena, which emerged within the last five million 498 
years (Lohman et al., 2011) and within which there are no native, primary freshwater species 499 
(Kottelat et al., 1993).  500 
The ability of gobies to colonise a variety of habitats would have been facilitated by 501 
their range in body size, behaviour, diet and morphological adaptations, such as the 502 
possession of a sucker-like pelvic fin (Fig. 3d), which allows them to maintain their position 503 
in areas of rapid flow and facilitates movement over or around structures such as waterfalls 504 
(e.g. Ryan, 1991; Keith, 2003; Blob et al., 2007, 2008). Such obstacles to movements are 505 
numerous in the rivers of Buton and Kabeana (Fig. 2a,b). An example of an alternative 506 
adaptation for counteracting the effects of rapid flow is provided by another gobioid, 507 
Rhyacichthys aspro. This species possesses a flattened ventral body surface, pelvic fins that 508 
contribute to a suction device and large and broad pectoral fins that create a hydrofoil force 509 
with a downward component (Miller, 1973; Nelson, 2006; Fig. 3e).  510 
The fact that the most abundant species of goby overall, Sicypopterus sp., was among 511 
the most important typifying species for the ichthyofaunal compositions of the sites in the B1 512 
and K1 clusters emphasizes that this goby is consistently abundant at a group of sites on both 513 
Buton and Kabaena. It is therefore relevant that the sites in both clusters were located in 514 
relatively upstream areas in undisturbed forest where there was little sand or silt and the 515 
water was cool (Figs 2a,b; 5). The congener S. zosterophorum was also consistently found at 516 
the sites from which the samples representing the B1 cluster were obtained. In contrast, the 517 
second most abundant goby, Glossogobius aff. celebius-kokius, was the most important 518 
typifying species for the B5 cluster on Buton, which represented samples obtained from sites 519 
located at lower altitudes and much further downstream and in exposed areas where 520 
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temperatures were particularly high (Fig. 5). The fact that the upstream and downstream 521 
locations occupied by the above abundant gobiid species differ would contribute to marked 522 
differences in community structure in different reaches of the river, as has been found in the 523 
community structure of Fijian rivers (Jenkins and Jupiter, 2011). Indeed, the fact that gobies 524 
were present at sites which contributed samples to the other four clusters emphasizes that 525 
gobies are distributed across a wide range of environmental niches in the rivers of Buton and 526 
Kabaena. 527 
 528 
ELEOTRIDAE 529 
Although the Eleotridae was represented overall on Buton and Kabaena by fewer 530 
species than the Gobiidae i.e. 7 v. 26, it made a similar large contribution to the overall catch 531 
of fish on those two islands, thereby accounting for the number of individuals of these two 532 
closely-related families collectively comprising approximately half of the fish caught. As 533 
with many gobiid species in Buton and Kabaena (see above), the species of eleotrid recorded 534 
on these islands are almost certainly all amphidromous (McDowall, 1988; Donaldson and 535 
Myers, 2002; Maeda and Tachihara, 2005; Maeda et al., 2007). Thus, as with gobies, the 536 
sucessful colonisation of these islands by eleotrids was presumably achieved through the 537 
distribution of their larvae and young juveniles via the marine environment. 538 
 It is noteworthy, however, that, while the eleotrid Eleotris aff. melanosoma-fusca was 539 
a typifying species of the fish fauna at sites representing three of the seven clusters, all of 540 
which were on Buton (B3, B4, B5), a goby species was not likewise a typifying species for 541 
the first two of those clusters. This difference is attributable to the fact that the sites that 542 
yielded consistently high numbers of this eleotrid were located at relatively low altitudes and 543 
in the lower reaches of rivers (Fig. 2d), where there is a substantial amount of sand and/or silt 544 
(Fig. 5), and thus further downstream than the two clusters of sites at which the goby 545 
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Sicypopterus sp. was such an important typifying species (B1 and K1). The type of habitat in 546 
which E. aff. melanosoma-fusca is most abundant is consistent with this species being 547 
recorded as associated with soft substrata in tropical and sub-tropical rivers and brackish 548 
waters (Allen et al., 2002; Maeda and Tachihara, 2004; Maeda et al., 2007).  549 
As another eleotrid, Ophiocara porocephala, was the main typifying species of the 550 
samples from the sites represented by the B4 cluster, it is typically found in downstream areas 551 
(as with E. aff. melanosoma-fusca), and, in this case, where the silt content is particularly 552 
high. This finding is consistent with the fact that, in the Angabanga river system in Papua 553 
New Guinea, O. porocephala was found only in muddy sites and that it was often abundant in 554 
estuaries within which it can complete its life cycle (Blaber et al., 1989; Blaber and Milton, 555 
1990; Hyslop, 1999). 556 
The far poorer representation of the Eleotridae in Kabaena than Buton may have been 557 
due partly to the rivers on this island having, by necessity, being sampled mainly in their 558 
more inland regions some distance from the coast and thus further from their typical 559 
downstream habitats. This would also help explain why the eighth most abundant species, the 560 
flagtail Kuhlia marginata, which appears to be most abundant in the downstream regions of 561 
rivers elsewhere (Hyslop, 1999; Randall and Randall, 2001), was recorded only from Buton. 562 
 563 
ZENARCHOPTERIDAE AND ANGUILLIDAE 564 
Although the Zenarchopteridae was represented by only three species (among which 565 
only two were abundant) and two genera, its numbers still constituted over 21% of the total 566 
catch from Buton and Kabaena collectively and thus ranked as high as third in terms of 567 
overall abundance. Furthermore, one of these species, i.e. N. ebrardtii, was among the 56 568 
species, which, on the basis of a collation of the results of previous publications (e.g. Kottelat 569 
et al., 1993; Meisner, 2001; Collette, 2004), was listed by Parenti (2011) as endemic to the 570 
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freshwaters of Sulawesi, and to which a recently-described species must now be added 571 
(Huylebrouck et al., 2012). As all of the Nomorhamphus species recorded for Sulawesi are 572 
endemic to Sulawesi, it seems reasonable to assume that Nomorhamphus sp. is likewise 573 
almost certainly endemic to that region.  574 
It was particularly striking that the catches of Nomorhamphus sp. and N. ebrardtii 575 
were so substantial that these two species ranked, respectively, third and fourth overall in 576 
terms of abundance, and yet the former was caught only on Buton and the latter only on 577 
Kabaena. It would thus appear that a small group of Nomorhamphus sp. found its way to 578 
Buton and, then in the absence of primary freshwater species, rapidly multiplied and that the 579 
same was true for N. ebrardtii on Kabaena.                                              580 
The sites at which Nomorhamphus sp. was a typifying species were located in 581 
upstream areas in relatively undisturbed forest, where there was extensive overhanging 582 
vegetation and relatively cool water temperatures and only a small amount of silt (Figs 2b, 5). 583 
The large numbers of invertebrates deposited on the water surface from the overhanging 584 
vegetation would provide an abundant food source for this live-bearing zenarchopterid 585 
species (Kottelat et al., 1993; Meisner, 2001). The same environmental characteristics are 586 
found at the sites on Kabaena (K1) that yielded the other Nomorhamphus species, 587 
i.e. N. erbrardtii.  588 
It is highly relevant that, while the Anguillidae was almost exclusively represented by 589 
Anguilla celebesenis, this very abundant species was the only one present in every sample 590 
and typified the fauna of two of the Buton clusters and of both of those from Kabaena. This 591 
implies that the glass eel stage of this catadromous species exhibits no strong ‘preference’ to 592 
enter a given river or for later stages subsequently to colonise sites within a river that have 593 
particular environmental characteristics. 594 
 595 
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INTRODUCED FISH SPECIES 596 
The detrimental impacts of introduced fish on the native fish species on the 597 
Sulawesian mainland, and particularly on those in the large central lake systems which 598 
contain such a diverse and endemic fauna, have been widely recognised (Whitten et al., 1987; 599 
Kottelat et al., 1993; Parenti, 2011; Herder et al., 2012). All but Rasbora sp. of the seven 600 
introduced species recorded in the rivers of Buton and Kabaena (Table I) were stocked as a 601 
food source (Whitten et al., 1987) and all except Clarias batrachus were found on only one 602 
of the islands. The latter clariid was the only introduced species that was even moderately 603 
abundant on either island and the only one to constitute a typifying species for a cluster, 604 
i.e. K2. This latter finding does indicate, however, that C. batrachus can have a serious 605 
influence on the composition of the native fish fauna in a river on the satellite islands of 606 
Sulawesi and is consistent with this species being among the eight freshwater fishes listed by 607 
Cambray (2003) as among on the one hundred world’s worst invasive alien species. 608 
Furthermore, as the sample from a Buton riverine site, representing one of the two outliers in 609 
the dendrogram (Fig. 4), contained only Clarias teijsmanni, the introduction of this catfish 610 
would appear to have been responsible for the extinction of the local native fish community 611 
at that site. Although there are no large lakes on Buton, the sampling of one of its few small 612 
lakes (Lasalimu) on two occasions yielded 346 tilapia Oreochromis niloticus, a congener of 613 
another of the world’s worst invasive alien species, and no other fish species (D. Bird pers. 614 
observ.). This emphasises that the native/endemic fish faunas of lakes in Sulawesi are 615 
particularly susceptible to elimination by certain introduced species, especially when, as with 616 
Lake Lasalimu, they are already partly degraded through anthropogenic effects such as 617 
eutrophication.  618 
 619 
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FRESHWATER ICHTHYOFAUNAS OF WALLACEA   620 
Buton and Kabaena contain none of the ancient, large and deep lake systems that are 621 
present in the central highlands of mainland Sulawesi and within which fish and other taxa 622 
have undergone extensive adaptive radiations (von Rintelen et al., 2004; Herder et al., 2006a; 623 
Schubart and Ng, 2008; von Rintelen et al., 2010). It is thus relevant that N. ebrardtii on 624 
Kabaena, and almost certainly also Nomorhamphus sp. on Buton, were the only two fish 625 
species represented in the samples from the rivers on these islands that were endemic to 626 
Sulawesi overall. Although Nomorhamphus ebrardtii was not found on Buton, it has been 627 
recorded immediately to the north of Kabaena in the rivers of southern mainland Sulawesi 628 
and to the east of that region on the island of Kandari (Meisner, 2001). While the above two 629 
Nomorhamphus species are confined to rivers, five other Nomorhamphus species are 630 
restricted to the large central lakes and another zenarchopterid, Tondanichthys kottelati, is 631 
endemic to lakes in northern mainland Sulawesi (Haryono, 2004) (Appendix 1). Thus, the 632 
evolution of zenarchopterids in Sulawesi has pursued either a riverine or lacustrine route. 633 
As pointed out earlier, cluster analysis demonstrated that the compositions of the fish 634 
faunas in the rivers of Buton, Kabaena, mainland Sulawesi, Flores and Timor differ. This 635 
difference is emphasised by the fact that the eleotrid Belobranchus belobranchus was the 636 
only cosmopolitan native fish species that was recorded in the rivers of each of the above 637 
regions (Table I, Appendix I). However, the analyses also revealed that the compositions of 638 
the fish faunas of these rivers as a whole differed from those in the large central lake systems 639 
of mainland Sulawesi. Thus, the riverine faunas within that region always contained many 640 
goby species (with those that undergo an amphidromous migration being particularly well 641 
represented) and few or no endemic species (see Appendix 1 and accompanying references). 642 
In contrast, the corresponding faunas in the two large and deep lake systems of central 643 
mainland Sulawesi, i.e. the Malili Lakes system and Lake Poso, contained relatively fewer 644 
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goby species and very largely comprised endemic species (see Appendix 1 and 645 
accompanying references). Indeed, none of the gobies in the large ancient lakes belonged to 646 
the Sicydiinae, whose species undergo an amphidromous migration and are very well 647 
represented in the rivers of Buton and Kabaena.  648 
The remarkable extent of endemicity in the lacustrine faunas is exemplified by the 649 
fact that 33 of the 36 ‘non-introduced’ species in the Malili Lakes were endemic to that 650 
system and nine of the ten ‘non-introduced’ species in Lake Poso were endemic to that lake 651 
(Appendix I). The majority of these species belong to a restricted number of families or 652 
subfamilies, i.e. the Telmatherininae (Celebes rainbowfishes), Adrianichthyidae (ricefishes), 653 
Zenarchopterinae (halfbeaks) or Gobiidae. Remarkably, Aplocheilus panchax was the only 654 
species common to both of those lake systems. The possession by the ancient Malili Lake 655 
system of a greater number of endemic species than Lake Poso is related to the fact that, 656 
unlike the latter lacustrine environment, the former system contains a series of 657 
hydrologically-interconnected lakes, each with its own unique environment and within which 658 
separate radiations have occurred and between which dispersal is limited (Vaillant et al., 659 
2011). The question of the origin and mechanism and time of arrival of the ancestors of the 660 
groups that have undergone extensive radiations in these lake systems is being explored in a 661 
series of ongoing molecular and paleogeographic studies (Sparks and Smith, 2004; Herder 662 
et al., 2006a; Roy et al., 2007; Lohman et al., 2011; Stelbrink et al., 2012). 663 
From the above it follows that the remarkable endemicity of the freshwater fish fauna 664 
of Wallacea very largely reflects adaptive radiations that took place in the deep lakes of 665 
central Sulawesi. In contrast, the corresponding ichthyofaunas in the riverine environments of 666 
this biodiversity hotspot contain few endemic species and comprise predominantly native 667 
species which, in many cases, undergo an amphidromous migration. 668 
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1 
Table I. List of fish species and their families recorded at sites in rivers on the islands of Buton and Kabaena during 2001 and 2002, together 
with their total numbers in the samples (N), percentage contributions to the total catch (%), rankings by abundance (R) and the means and ranges 
of their standard lengths. The “origin” of each fully identified species, i.e. if it is endemic, native or introduced to Sulawesi, is recorded, as are 
the numbers of each species and percentage contributions collected on Buton (#B and %B) and Kabaena (#K and %K). N.B. 58 unidentified 
gobies are not included in the rankings (see Material and Methods). 
 
Species Family Origin N % R #B %B #K %K Mean (mm) Range (mm) 
Eleotris aff. fusca-melanosoma Eleotridae Native 395 18.1 1 370 24.3 25 3.8 71 17-232 
Anguilla celebesensis Anguillidae Native 267 12.3 2 182 12.0 85 13.0 233 46-1080 
Nomorhamphus sp. Zenarchopteridae Endemic? 249 11.4 3 249 16.4   39 14-90 
Nomorhamphus ebrardtii Zenarchopteridae Endemic 221 10.1 4   221 33.5 43 14-85 
Sicyopterus sp. Gobiidae  145 6.7 5 38 2.5 107 16.2 53 24-93 
Glossogobius aff. celebius-kokius Gobiidae Native 124 5.7 6 102 6.7 22 3.3 66 14-222 
Ophieleotris aff. aporos Eleotridae Native 108 5.0 7 108 7.1   88 25-207 
Kuhlia marginata Kuhliidae Native 67 3.1 8 67 4.4   45 20-136 
Gobiid spp. Gobiidae  58 2.7    58 8.8 68 25-260 
Clarias batrachus Claridae Introduced 57 2.6 9 3 0.2 54 8.2 127 44-283 
Ophiocara porocephala Eleotridae Native 34 1.6 10 29 1.9 5 0.8 78 34-159 
Awaous aff. grammepomus-ocellatus Gobiidae Native 34 1.6 10 34 2.2   112 46-200 
Rhyacichthys aspro Rhyacichthyidae Native 33 1.5 12 33 2.2   91 18-188 
Butis amboinensis Eleotridae Native 32 1.5 13 32 2.1   62 28-97 
Sicyopterus micrurus Gobiidae Native 32 1.5 13 22 1.5 10 1.5 58 15-94 
Ambassis miops Ambassidae Native 26 1.2 15 26 1.7   26 10-61 
Sicyopterus macrostetholepis Gobiidae Native 26 1.2 15 21 1.4 5 0.8 44 28-62 
Clarias teijsmanni Claridae Introduced 25 1.2 17 25 1.6   110 81-162 
Oreochromis mossambicus Cichlidae Introduced 24 1.1 18   24 3.6 45 19-109 
Redigobius sp. Gobiidae Native 22 1.0 19 20 1.3 2 0.3 23 17-28 
Stiphodon elegans Gobiidae Native 21 1.0 20 8 0.5 13 2.0 30 16-60 
Microphis sp. Syngnathidae  18 0.8 21 17 1.1 1 0.2 126 106-155 
Table 1
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Table I continued 
Species Family Origin N % R #B %B #K %K Mean (mm) Range (mm) 
Lentipes sp. Gobiidae  17 0.8 22   17 2.6 - - 
Sicyopus zosterophorum Gobiidae Native 12 0.6 23 12 0.8   43 33-49 
Aplocheilus panchax Aplocheilidae Native 11 0.5 24 11 0.7   35 30-43 
Belobranchus belobranchus Eleotridae Native 9 0.4 25 6 0.4 3 0.5 84 57-102 
Mugil sp. Mugilidae  9 0.4 25 9 0.6   86 69-121 
Glossogobius aff. obscurus-brunneus Gobiidae Native 8 0.4 27 8 0.5   115 55-163 
Redigobius bikolanus Gobiidae Native 8 0.4 27 8 0.5   28 13-49 
Schismatogobius bruynisi Gobiidae Native 8 0.4 27 8 0.5   34 30-36 
Rasbora sp. Cyprinidae Introduced 7 0.3 30 7 0.5   21 12-29 
Oreochromis niloticus Cichlidae Introduced 5 0.2 31 5 0.3   57 39-71 
Bunaka gyrinoides Eleotridae Native 5 0.2 31 5 0.3   96 73-134 
Lamnostoma mindora Ophichthidae Native 5 0.2 31 5 0.3   368 246-474 
Caranx papuensis Carangidae Native 4 0.2 34 4 0.3   93 84-112 
Scatophagus argus Scatophagidae Native 4 0.2 34 4 0.3   75 62-94 
Anabas testudineus Anabantidae Introduced 3 0.1 36   3 0.5 93 85-103 
Channa striata Channidae Introduced 3 0.1 36   3 0.5 263 125-315 
Periophthalmus argentilineatus Gobiidae Native 3 0.1 36 3 0.2   52 44-59 
Microphis leiaspis Syngnathidae Native 3 0.1 36 3 0.2   132 109-149 
Tetraroge niger Tetrarogidae Native 3 0.1 36 3 0.2   97 54-190 
Tetraroge sp. Tetrarogidae  3 0.1 36 3 0.2   29 29 
Anguilla bicolor Anguillidae Native 2 0.1 42 2 0.1   186 147-225 
Glossogobius bicirrhosus Gobiidae Native 2 0.1 42 2 0.1   59 52-65 
Hypseleotris sp. Eleotridae Native 2 0.1 42 2 0.1   - - 
Periophthalmus minutus Gobiidae Native 2 0.1 42 2 0.1   69 65-72 
Stenogobius ophthalmoporus Gobiidae Native 2 0.1 42 2 0.1   66 60-72 
Stiphodon semoni Gobiidae Native 2 0.1 42 2 0.1   - - 
Zenarchopterus gilli Zenarchopteridae Native 2 0.1 42 2 0.1   154 152-156 
Muraenidae sp. Muraenidae  2 0.1 42 2 0.1   147 73-220 
Meiacanthus anema Blenniidae Native 1 <0.1 50   1 0.2 42 42 
Glossogobius concavifrons Gobiidae Native 1 <0.1 50 1 0.1   35 35 
Hypogymnogobius xanthomelus Gobiidae Native 1 <0.1 50 1 0.1   - - 
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Table I continued 
 
 
Species Family Origin N % R #B %B #K %K Mean (mm) Range (mm) 
Pseudogobiopsis oligactis Gobiidae Native 1 <0.1 50 1 0.1   - - 
Pseudogobiopsis sp. Gobiidae  1 <0.1 50 1 0.1   - - 
Sicyopterus gymnauchen Gobiidae Native 1 <0.1 50 1 0.1   40 40 
Sicyopterus microcephalus Gobiidae Native 1 <0.1 50 1 0.1   61 61 
Sicyopterus ouwensi Gobiidae Native 1 <0.1 50 1 0.1   - - 
Stenogobius sp. Gobiidae  1 <0.1 50 1 0.1   26 26 
Kuhlia rupestris Kuhliidae Native 1 <0.1 50 1 0.1   - - 
Moringua javanica Moringuidae Native 1 <0.1 50 1 0.1   289 289 
Gymnothorax tile Muraenidae Native 1 <0.1 50 1 0.1   329 329 
Thyrsoidea macrurus Muraenidae Native 1 <0.1 50 1 0.1   277 277 
Doryicthys sp. Syngnathidae  1 <0.1 50 1 0.1   74 74 
Microphis mento Syngnathidae Native 1 <0.1 50 1 0.1   145 145 
No of individuals   2,179   1,520  659    
No of species   64   58  18    
No of genera   43   38  16    
No of samples   63     45   18       
Table II. List of fish families recorded at sites on the islands of Buton and Kabaena, together 
with their total numbers in the samples (N), percentage contributions to the total catch (%), 
rankings by abundance (R) and the numbers of their species and genera. The numbers and 
percentage contributions of each family to the samples collected from Buton (#B and %B) 
and Kabaena (#K and %K) are also provided. 
 
 
Family N % R # B % B # K % K Species Genera 
Eleotridae 585 26.8 1 552 36.3 33 5.0 7 7 
Gobiidae 534 24.5 2 300 19.7 234 35.5 26 12 
Zenarchopteridae 472 21.7 3 251 16.5 221 33.5 3 3 
Anguillidae 269 12.4 4 184 12.1 85 12.9 2 1 
Clariidae 82 3.8 5 28 1.8 54 8.2 2 1 
Kuhliidae 68 3.1 6 68 4.5   2 1 
Rhyacichthyidae 33 1.5 7 33 2.2   1 1 
Cichlidae 29 1.3 8 5 0.3 24 3.6 2 1 
Ambassidae 26 1.2 9 26 1.7   1 1 
Syngnathidae 23 1.1 10 22 1.5 1 0.1 4 2 
Aplocheilidae 11 0.5 11 11 0.7   1 1 
Mugilidae 9 0.4 12 9 0.6   1 1 
Cyprinidae 7 0.3 13 7 0.5   1 1 
Tetrarogidae 6 0.3 14 6 0.4   2 1 
Ophichthidae 5 0.2 15 5 0.3   1 1 
Carangidae 4 0.2 18 4 0.3   1 1 
Muraenidae 4 0.2 18 4 0.3   3 3 
Scatophagidae 4 0.2 18 4 0.3   1 1 
Anabantidae 3 0.1 20   3 0.5 1 1 
Channidae 3 0.1 20   3 0.5 1 1 
Blenniidae 1 <0.1 22   1 0.2 1 1 
Moringuidae 1 <0.1 22 1 0.1   1 1 
No of individuals 2,179   1,520  659    
No of species 64   58  18    
No of genera 43   38  16    
No of families 22   19  10    
No of samples 63   45  18    
Table 2
Table III. List of species shown by SIMPER analysis to be most important in typifying the species composition of each of the seven clusters of fish 
samples (shaded boxes), which had been identified by SIMPROF analysis as distinct, and the species that distinguished between the composition of the 
fish fauna in each cluster from that in each other cluster (non-shaded boxes). *, indicates the percentage contribution of a species is consistently greater 
for the cluster in the vertical column than in the horizontal row. 
 
 
  B1 B2 B3 B4 B5 K1 K2 
B
B1 
Nomorhamphus sp.            
Sicyopterus sp.            
S. zosterophorum            
A. celebesensis            
             
B
B2 
Sicyopterus sp. * Nomorhamphus sp.          
S. zosterophorum *            
Nomorhamphus sp. *            
A. celebesensis *            
             
B
B3 
Nomorhamphus sp. * Nomorhamphus sp. * E. aff. fusca-melanosoma         
E. aff. fusca-melanosoma E. aff. fusca-melanosoma A. celebesensis         
Sicyopterus sp. * A. celebesensis O. aff. aporos         
S. zosterophorum * O. aff. aporos           
              
B
B4 
O. porocephala Nomorhamphus sp. * O. porocephala O. porocephala       
Nomorhamphus sp. * O. porocephala E. aff. fusca-melanosoma * E. aff. fusca-melanosoma       
Sicyopterus sp. * E. aff. fusca-melanosoma Anguilla celebesensis         
              
              
B
B5 
Nomorhamphus sp. * Nomorhamphus sp. * E. aff. fusca-melanosoma * O. porocephala * G. aff. celebius-kokius     
G. aff. celebius-kokius G. aff. celebius-kokius G. aff. celebius-kokius G. aff. celebius-kokius Redigobius sp.     
Sicyopterus sp. *      B. amboinensis     
       E. aff. fusca-melanosoma     
              
K
K1 
Nomorhamphus sp. * Nomorhamphus sp. * E. aff. fusca-melanosoma * O. porocephala * G. aff. celebius-kokius * A. celebesensis   
S. zosterophorum * Sicyopterus sp. Sicyopterus sp. A. celebesensis A. celebesensis Sicyopterus sp.   
  A. celebesensis     Sicyopterus sp.     
              
K
K2 
Nomorhamphus sp. * Nomorhamphus sp. * E. aff. fusca-melanosoma * O. porocephala * C. batrachus C. batrachus C. batrachus 
C. batrachus C. batrachus C. batrachus C. batrachus G. aff. celebius-kokius * N. ebrardti N. ebrardtii 
Sicyopterus sp. * N. ebrardti N. ebrardti N. ebrardti N. ebrardti Sicyopterus sp. * A. celebesensis 
N. ebrardti     E. aff. fusca-melanosoma *   A. celebesensis *   
S. zosterophorum *             
Table 3
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Figure 1. Maps showing the following. (a) Wallacea, i.e. the area between Wallace’s Line 
and Lydekker’s Line in south east Asia, with the countries in capitals and regions in lower 
case and Indonesia in darker grey. (b) Mainland Sulawesi and the satellite islands of Buton 
and Kabaena, with the areas labelled  when there were data on the freshwater fish faunas. 
(c) Buton and (d) Kabaena. Note that the  which denotes the location of sites sometimes 
covered two relatively nearby sites. 
 
Figure 2. Examples of sampling sites. (a) Upper reaches of a river on Buton, with sections 
containing large boulders and rocks, associated with waterfalls that were interspersed with 
calmer sections, (b) upper reaches of a river in Buton, with deep pools and overhanging 
vegetation, (c) a deforested and exposed region of a river on Buton in which water 
temperatures were elevated and (d) wide, slower-flowing, lower reaches of a river on Buton 
where the substrata comprised mainly sand and/or gravel. 
 
Figure 3. Examples of the diversity of riverine fish species caught during the present study. 
 (a) A female Nomorhampus sp. (Zenarchopteridae). The reduced upper jaw is an adaptation 
for catching prey that falls on the water surface from overhanging vegetation in 
relatively undisturbed forests. (b) and (c) Ophieleotris aff. aporos and Ophiocara 
porocephala  (Eleotridae), which tend to occupy the deeper, slower-flowing sections of 
rivers. (d) Awaous aff. grammepomus-ocellatus (Gobiidae), showing the fused pelvic fins, 
which form the sucker used by many species of goby for anchoring to the substratum. (e) 
Rhyacichthys aspro (Rhyacichthyidae). The greatly-enlarged pelvic fins and dorso-ventrallly 
flattened body are adaptations that enable this benthic species to live in fast-flowing water. 
Figure Captions
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Each fish was photographed live under light anaesthesia in benzocaine. Scale bar represents 
1cm.  
 
Figure 4. Dendrogram derived from CLUSTER analysis using the percentage contributions 
of the various fish species to each sample collected from 63 sites in Buton and Kabaena in 
2001 and 2002. The clusters under each thick vertical line represent samples from sites at 
which, at the species level, the faunal compositions were shown by SIMPROF not to be 
significantly different from each other (P < 0.05), but to be significantly different from those 
in all other groups of samples (P >0.05). 
 
Figure 5. Non-metric Multidimensional Scaling 21 ordination plots of the Bray-Curtis matrix 
constructed from the percentage contributions of each fish species to the samples collected 
from each of the 63 sites sampled in Buton and Kabaena. Points coded according to the 
cluster to which sample belongs: B1 (), B2 (), B3 (), B4 (), B5 (), K1 () and K2 
(). k refers to a Kabaena site in a Buton cluster (B3) and b to a Buton site in a Kabaena 
cluster (K1). 
 
Figure 6. The non-metric Multidimensional Scaling ordination plot of the Bray-Curtis matrix 
constructed from the mean percentage contributions of each fish species to the seven clusters 
identified by SIMPROF is repeated in (a) to (f). Circles (bubbles) of varying size, 
representing the magnitudes of the effects of (a) longitude, (b) distance to the river mouth, the 
percentage contribution of (c) sand and (d) silt at each site, (e) altitude and (f) water 
temperature have been superimposed on the ordination plot shown in (a). The variables in (a) 
to (e) were those selected by BIOENV as having the greatest relationship with ichthyofaunal 
composition. 
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Figure 7. Cluster dendrogram derived from a Bray-Curtis similarity matrix constructed from 
the presence or absence of fish species in the freshwaters of different locations in Wallacea. 
B, Buton; K, Kabaena, NR, North Sulawesi; F, Flores; T, East and West Timor; M, Malili 
Lakes system; P, Lake Poso; NL, North Sulawesian Lakes. Sampling sites in the first five 
locations were all in rivers. 
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Appendix I. List of “non-introduced” species recorded in the freshwaters of Wallacea. B, Buton (present study); K, Kabaena (present study); NR, 
North Sulawesi (Haryono et al., 2002); F, Flores (Tjakrawidjaja, 2002); T, East and West Timor (Larson and Pidgeon, 2004); M, Malili Lakes system 
(Soeroto and Tungka, 1996; Larson, 2001; Hadiaty and Wirjoatmodjo, 2002; Hadiaty et al., 2004; Nilawati and Tantu, 2008; Herder and Chapuis, 
2010); P, Lake Poso (Soeroto and Tungka, 1991; 1996; Parenti and Soeroto, 2004) and NL, North Sulawesian Lakes (Collette, 1995; Haryono, 2004). 
Sampling sites in the first five locations were all in rivers. *, denotes species listed as endemic to Sulawesi by Parenti (2011). 
  Species B K NR F T M P NL    Species B K NR F T M P NL 
Megalopidae          Melanotaeniidae cont.         
 Megalops cyprinoides     +      Telmatherina celebensis *      +   
Anguillidae           Telmatherina obscura *      +   
 Anguilla australis     +      Telmatherina opudi *      +   
 Anguilla celebesensis + +   +   +   Telmatherina prognatha *      +   
 Anguilla bicolor +          Telmatherina sarasinorum *      +   
 Anguilla marmorata   + + +      Telmatherina wahjui *      +   
 Anguilla reinhardtii     +      Telmatherina sp.      +   
Moringuidae           Tominanga aurea *      +   
 Moringua javanica +          Tominanga sanguicauda*      +   
Muraenidae           Paratherina cyanea *      +   
 Gymnothorax tile +          Paratherina labiosa *      +   
 Thyrsoieda macrurus +          Paratherina striata *      +   
 Muraenidae sp. +          Paratherina wolterecki *      +   
Ophichthidae          Atherinidae         
 Lamnostoma mindora +          Atherinomorus lacunosus     +    
Mugilidae           Craterocephalus sp.     +    
 Cestraeus goldiei     +      Hypoatherina sp.   +      
 Crenimugil sp.   +       Adrianichthyidae         
 Liza subviridis     +      Adrianichthys kruyti *       +  
 Valamugil seheli     +      Adrianichthys oophorus *       +  
 Valamugil sp.        +   Adrianichthys poptae *       +  
 Mugil sp. +          Adrianichthys roseni *       +  
Melanotaeniidae           Oryzias hadiatyae *      +   
 Telmatherina abendanoni *      +     Oryzias celebensis     +    
 Telmatherina albolabiosus *      +     Oryzias marmoratus *      +   
 Telmatherina antoniae *      +     Oryzias matanensis *      +   
  Telmatherina bonti *           +        Oryzias nigrimas *             +   
Appendix 1
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Appendix I continued 
  Species B K NR F T M P NL    Species B K NR F T M P NL 
Adrianichthyidae cont.          Serranidae         
 Oryzias orthognatnus *       +    Epinephelus malabaricus     +    
 Oryzias profundicola *      +    Lutjanidae         
 Oryzias timorensis     +      Lutjanus argentimaculatus      +   + 
Synbranchidae           Lutjanus fuscescens     +    
 Monopterus albus   +       Gerreidae         
Zenarchopteridae           Gerres filamentosus     +    
 Nomorhamphus celebensis *       +   Toxotidae         
 Nomorhamphus ebrardtii *  +         Toxotes jaculatrix     +    
 Nomorhamphus kolonodalensis *      +    Terapontidae         
 Nomorhamphus magarrhamphus *      +     Mesopristes argenteus     +    
 Nomorhamphus towoetii *      +     Mesopristes cancellatus     +    
 Nomorhamphus weberi *      +     Terapon jarbua     +    
 Nomorhamphus sp.  +         Kuhlidae         
 Zenarchopterus gilli +          Kuhlia marginata +  +  +    
 Tondanichthys kottelati *        +   Kuhlia rupestris +    +    
Aplocheilidae          Blenniidae         
 Aplocheilus panchax +  +   + +    Meiacanthus anema  +       
Syngnathidae          Rhyacichthyidae         
 Doryicthys sp. +          Rhyacichthys aspro +  + +     
 Microphis argulus    +      Eleotridae         
 Microphis leiaspis +          Belobranchus belobranchus  + + + + +    
 Microphis mento +          Bunaka gyrinoides +    +    
 Microphis retzii     +      Butis amboinensis +        
 Microphis sp. + +         Eleotris fucsa     +    
Carangidae           Eleotris aff. fusca-melanosoma + +       
 Caranx papuensis +          Eleotris melanosoma     +    
 Caranx sexfasciatus     +      Giurus margaritacea     +    
Scorpaenidae           Ophieleotris aporos        + 
 Tetraroge barbata    +       Ophieleotris aff. aporos +        
 Tetraroge niger +          Ophiocara porocephala + + +  +    
 Tetroge sp. +         Gobiidae         
Ambassidae           Awaous aff. grammepomus-ocellatus +        
 Ambassis buruensis     +      Awaous melanocephalus   +  +    
 Ambassis dussumieri     +      Glossogobius aureus        + 
 Ambassis macracanthus     +      Glossogobius bicirrhosus +        
 Ambassis miops +    +      Glossogobius celebius     +    
  Ambassis urotaenia         +          Glossogobius aff. celebius-kokius + +             
3 
Appendix I continued 
  Species B K NR F T M P NL    Species B K NR F T M P NL 
Gobiidae cont.          Gobiidae cont.         
 Glossogobius concavifrons +          Schismatogobius bruynisi +  +      
 Glossogobius flavipinnis *      +     Sicyopterus cyanocephalus   + + +    
 Glossogobius intermedius *      +     Sicyopterus gymnauchen +        
 Glossogobius matanensis *      +     Sicyopterus hageni    + +    
 Glossogobius aff. obscurus-brunneus +          Sicyopterus longifilis   + +     
 Hypseleotris sp. +          Sicyopterus macrostetholepis + + + +     
 Hypogymnogobius xanthomelus +          Sicyopterus microcephalus +        
 Istigobius ornatus    +       Sicyopterus micrurus + +  + +    
 Lentipes sp.1  +         Sicyopterus ouwensi +  + +     
 Lentipes sp.2     +      Sicyopterus parvei    +     
 Mugilogobius adeia *      +     Sicyopterus wichmanni     +    
 Mugilogobius amadi *       +    Sicyopterus zosterophorum +        
 Mugilogobius cavifrons     + +     Sicyopterus sp.1 + +       
 Mugilogobius latifrons *      +     Sicyopterus sp.2   +      
 Mugilogobius lepidotus *      +     Sicyopus sp.   +      
 Mugilogobius rexi *      +     Stenogobius opthalmoporus +        
 Mugilogobius sarasinorum *       +    Stenogobius sp. +        
 Mugilogobius sp.      +     Stiphodon aff. atratus     +    
 Periophthalmus argentilineatus +    +      Stiphodon elegans + +       
 Periophthalmus minutus +          Stiphodon semoni +  + +     
 Pseudapocryptes borneensis     +      Gobiidae sp.  +       
 Pseudogobiopsis oligactis +         Scatophagidae         
 Pseudogobiopsis sp. +          Scatophaguss argus +    +    
 Redigobius bikolanus +    +     Acanthuridae         
 Redigobius penango *      +     Acanthurus nigrofuscus     +    
 Redigobius sp. + +                Number of species 54 15 18 14 49 36 10 6 
 
Note that fourteen other species, all of which are endemic to Sulawesi, have not been included in the table as no data were available on the fish communities to 
which they belonged. These species are as follows; the melanotaeniid, Marosatherina ladigesi, the phallostethid, Neostethus djajaorum, the adrianichthyids, 
4 
Oryzias bonneorum, Oryzias nebulosus, Oryzias sarasinorum and Oryzias woworae, the zenarchopterids, Dermogenys orientalis, Dermogenys vogti, 
Nomorhamphus brembachi, Nomorhamphus hageni, Nomorhamphus liemi and Nomorhamphus rex, the terapontid, Lagusia micraacanthus and the eleotrid, 
Bostrychus microphthalmus (See review by Parenti, 2011 and subsequent addition by Huylebrouck et al., 2012). 
Appendix II. List of fish families recorded in the fresh waters of Wallacea, together with their total numbers of species and the percentage 
contributions by those species to the total number of species (%). W is the total for Wallacea. *, denotes additional endemic species (see Appendix I) 
found in regions of Wallacea not included in this study. Most speciose families, i.e. contributed ≥ 10% to the total number of species in a region, are 
highlighted in grey. 
  B %B   K %K   NR %NR   F %F   T %T   M %M   P %P   NL %NL W %W 
Megalopidae             1 2.0          1 0.6 
Anguillidae 2 3.7  1 6.7  1 5.6  1 7.1  4 8.2        1 16.7 5 3.0 
Moringuidae 1 1.9                      1 0.6 
Muraenidae 3 5.6                      3 1.8 
Ophichthidae 1 1.9                      1 0.6 
Mugilidae 1 1.9     1 5.6     3 6.1        1 16.7 6 3.6 
Melanotaeniidae                17 47.2       18 10.8 
Phallostethidae                        1 0.6 
Atherinidae       1 5.6     2 4.1          3 1.8 
Adrianichthyidae             2 4.1  4 11.1  6 60.0    16 9.6 
Synbranchidae       1 5.6                1 0.6 
Zenarchopteridae 2 3.7  1 6.7           4 11.1  1 10.0  1 16.7 15 9.0 
Aplocheilidae 1 1.9     1 5.6        1 2.8  1 10.0    1 0.6 
Syngnathidae 4 7.4  1 6.7     1 7.1  1 2.0          6 3.6 
Carangidae 1 1.9           1 2.0          2 1.2 
Scorpaenidae 2 3.7        1 7.1             3 1.8 
Ambassidae 1 1.9           5 10.2          5 3.0 
Serranidae             1 2.0          1 0.6 
Lutjanidae             2 4.1        1 16.7 2 1.2 
Gerreidae             1 2.0          1 0.6 
Toxotidae             1 2.0          1 0.6 
Terapontidae             3 6.1          4 2.4 
Kuhlidae 2 3.7     1 5.6     2 4.1          2 1.2 
Blenniidae    1 6.7                   1 0.6 
Rhyacichthyidae 1 1.9     1 5.6  1 7.1             1 0.6 
Eleotridae 6 11.1  3 20.0  2 11.1  1 7.1  6 12.2        1 16.7 11 6.6 
Gobiidae 25 46.3  8 53.3  9 50.0  9 64.3  12 24.5  10 27.8  2 20.0  1 16.7 53 31.9 
Scatophagidae 1 1.9           1 2.0          1 0.6 
Acanthuridae             1 2.0          1 0.6 
Number of species 54     15     18     14     49     36     10     6   166   
Number of families 16     6     9     6     18     5     4     6   29   
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